The results of seven serologic tests for diagnosis of human brucellosis were evaluated. The titrated Rose Bengal test, microagglutination test, microtiter-adapted Coombs test, and immunocapture-agglutination test (Brucellacapt) were positive for all sera from patients with acute brucellosis. The immunoglobulin G (IgG), IgM, and IgA commercial enzyme immunoassays (ELISAs) failed to show specific antibodies in 3 patients, 10 patients, and 1 patient, respectively. The sensitivity of ELISA is not higher than that of conventional tests.
Brucellosis is an endemic zoonotic disease in many parts of the world, notably in Mediterranean countries and the Middle East. The diagnosis of brucellosis is made by the isolation of Brucella species (i.e., in blood cultures), but this method is successful in only 40 to 70% of cases (18) . Therefore, laboratory diagnosis of brucellosis very often relies on detecting specific serum antibodies (5, 19) . Several serological tests have been used for the diagnosis of human brucellosis. The serum agglutination test (SAT) for brucellosis, developed by Wright et al. in 1897 (17) , is still the reference to which other tests are compared. Other notable tests that have been developed since then are the Rose Bengal test, complement fixation test, indirect Coombs test, enzyme immunoassay (ELISA) (6, 15) , and, more recently, an immunocapture-agglutination test (Brucellacapt) (10) . However, the interpretation of these tests is often difficult in areas of endemicity in which a large part of the population has contact with animals or products of animal origin and could develop antibodies against Brucella. In this study, the results obtained with seven different tests for detection of Brucella-specific antibodies in an area of endemicity were analyzed. A 12-month clinical and serologic follow-up was performed after the treatment was started. As a reference, the antibody levels in the healthy population of that area were also tested.
One hundred twenty serum samples from 25 patients with acute brucellosis and 90 from healthy individuals (blood donors) were included in this study. (12) . The Brucellacapt test (Vircell SL, Granada, Spain) was performed as specified by the manufacturer. IgG, IgM, and IgA ELISAs were performed using a commercial kit (Serion/ Virion, Würzburg, Germany). The testing procedure followed exactly the manual of instructions. In order to evaluate ELISA antibody concentration, a highly specific standard curve as well as a highly specific evaluation table included in each test kit was used. Results are shown in arbitrary units per milliliter of serum by extrapolating the absorbance values by means of a standard curve established with an internal reference sample. Titers over 30 U for IgG, over 20 U for IgM, and over 15 U for IgA were considered positive by the manufacturer. Sensitivity, specificity, and positive and negative predictive values were calculated by using a standard formula (7) . SPSS software (version 13.5; SPSS Inc., Chicago, IL) was used for the statistical management of the data.
Twenty-five patients were included in the study; 22 were male and 3 were female, and their ages ranged from 12 to 80 years (median, 41 years). Twenty-two patients lived in a rural habitat, and 24 patients reported exposure to animals or their products. In 24 cases (96%) it was possible to identify at least one risk factor for brucellosis: close contact with animals (96%), ingestion of raw milk (4%), or work in an abattoir (64%). Fever was present in 76% of patients, and 44% pre-sented signs of focal infection. Blood cultures were positive in 13 cases (52%). The initial response to treatment was satisfactory in all patients. The titrated Rose Bengal test, the MAT, the Coombs test, and the Brucellacapt were positive for all sera from patients with acute brucellosis (titers Ն 1:1, 1:80, 1:1,280, and 1:320, respectively). The IgG, IgM, and IgA ELISAs failed to show specific antibodies in 3 patients, 10 patients, and 1 patient, respectively. For comparison purposes, the sera of 90 blood donors were also analyzed. Their ages ranged from 18 to 65 years (median, 32.5 years); 55 were female, and all of them lived in the same area. Sera from these healthy individuals were uniformly negative for IgG and IgM by ELISA. One serum showed a low IgA ELISA-positive result. The titrated Rose Bengal test, the MAT, and the Brucellacapt were positive for 3 sera (titer, 1:2), 1 serum (titer 1:40), and 12 sera (titers Յ 1:80) of blood donors, respectively. The median serum antibody titers from patients on admission and 1, 3, 6, and 12 months after treatment as well as from healthy individuals are shown in Table 1 . The statistical analysis of the tests performed on admission are presented in Table 2 . Specificity and positive predictive and negative predictive values are over 90% in all tests. IgM and IgG ELISAs have the lowest sensitivity (60% and 84%, respectively).
Overall, the results of our study are in accordance with classic concepts about the relevance of the MAT, Coombs test, and Brucellacapt test for diagnosis of human brucellosis. The serologic diagnosis of acute brucellosis is not definitively established. Many authors consider a SAT titer of Ն1:160 to be indicative of active brucellosis (14, 20) . However, active brucellosis cannot be excluded in patients with SAT titers lower than 1:160. In our study two patients showed MAT titers of 1:80. These patients had Coombs test titers of Ն1:10,240 and Brucellacapt titers of Ն1:640. These data highlight the importance of using more than one test. Orduña et al. found a good correlation between the Brucellacapt and the Coombs test (10) . Its simplicity makes Brucellacapt the most suitable complementary test for diagnosis of acute brucellosis.
Nevertheless, in regions where brucellosis is endemic, a large proportion of the population may have persistent Brucella-specific antibodies. Under such conditions, the interpretation of Brucella serologic tests may be difficult. In the study area, the MAT was positive for only one healthy blood donor, with a titer of 1:40. In contrast, all patients presented Brucellacapt titers of Ն1:320. Thus, no healthy individuals had Brucellacapt titers of Ͼ1:80. Seroprevalence studies (1, 4) of Brucella antibodies performed in Saudi Arabia showed rates ranging from 4.4% (cutoff point, 1:320) to 11% (cutoff point, 1:160). Most recently, Kose et al. found a seroprevalence ranging from 0 to 5.6% in the Wright SAT (cutoff point, 1:100) in rural and suburban Anatolian communities, respectively (9) . In Mexico, the seroprevalence in blood donors is 3.6% (16) . These data show the importance of regional differences in the prevalence of antibodies to Brucella in countries in which the disease is endemic. It is therefore important to establish a "normal range" for the population of these countries.
Previous studies found ELISA to be an effective method for diagnosis of brucellosis (2, 11) . In this study, using a commercial-reagent IgG ELISA, we failed to show any specific antibody in three patients. These patients presented MAT titers and Brucellacapt titers of Ն1:2,560 and 1:5,120, respectively, as well as positive IgM and IgA ELISAs. Moreover, the IgM ELISA did not show specific antibodies in 10 patients. These patients had MAT titers and Brucellacapt titers over 1:80 and 1:640, respectively, and the IgG and IgA ELISAs were also positive. Because of its low sensitivity (60%), the commercial IgM ELISA has a limited value for diagnosis of acute brucellosis. Several antigens have been used in ELISAs of samples from patients with brucellosis. They are obtained from Brucella abortus or Brucella melitensis in the form of whole cells, sonic extracts of cells, lipopolysaccharides, or proteins. The variety of antigens used in the tests may lead to relevant differences among them, and lack of standardization could account for the discrepancies.
No patient relapsed, and serum antibody titers decreased In addition, persistently raised titers are a drawback for patients with signs or symptoms suggestive of brucellosis when they are caused by other infections or noninfectious diseases. Overdiagnosis and exposing patients to unnecessary anti-Brucella treatment may follow. This problem will continue until morespecific tests are developed, based on the detection of Brucella antigens or on the isolation of the organism (13) .
In summary, the routine classic MAT and Brucellacapt test offer good results for the diagnosis of brucellosis in areas of endemicity when adequate cutoff points are used. Although an antibody titer of Ն1:160 is common in patients with active infection, lower titers should not be disregarded. Conversely, MAT titers of Ն1:160 and Brucellacapt titers of Ն1:320 do not always indicate active brucellosis. ELISA is a rapid, sensitive, and specific assay, but its performance was not better than that of conventional tests. The commercial IgM ELISA showed low sensitivity.
